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Abstract 
The evolution of a feed formulation practice (from attendant to an on-line webquest) included in a mandatory discipline (animal 
production) in the fourth year of Agronomy Engineering School was analized. The students formulate a diet with a formulation 
software, and analyzed the feed from a nutritional and economical point of view. The average score (8.1out of 10) of the students 
was independent of the method used, but more students did the practice with non-attendant method (57 vs 26%). The global 
judgment of the practice was relatively low (2.8 out of 5) probably due to its complexite and the long time spent (7±2 h) in its 
performance. However the students consider the practice positive for their formation (3.3).  
© 2009 Elsevier Ltd.
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1. Introduction 
The program of the courses in our Agronomy Engineering School of Madrid is composed by almost 50% of 
practice. To give the practices a structure that cover all over the knowledge and competencies desired for a 
mandatory course is difficult and requires changes and adaptations to the new circumstances of the students. 
Sometimes it is a result of an assay error test.  
The area of knowledge animal production has two mandatory disciplines (Zootencia I and Zootecnia II) which 
must be integrated with other knowledge areas in Agronomy. One of the basic competencies required for an 
Engineer is to analyze, integrate and evaluate information of different areas (Torres and Abud, 2004). Thus, 
formulation belongs to a feeding practice that integrates economy and nutritio, moreover as complementary 
exercises they have to relate with animal growth and management or with the fertilizer value of the slurry 
production. 
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The aim of this work was to describe the changes carried out in a feed formulation practice along years and 
analyze their effects on student judgment and scoring and on teachers opinions. 
2. Course Description 
The feed formulation practice is integrated in the second course of a mandatory discipline of Animal Production 
(Zootecnia II), which includes swine, poultry, cattle and sheep production, with 9 credits (90 attendant hours). The 
practice is an exercise on animal nutrition that accounts for 4-5% of the total score. Part of the knowledge to carry 
out the practice, the feedstuffs nutritional characteristics, comes from the first mandatory course (Zootecnia I, 
including animal physiology, reproduction and nutrition). Consequently, the students have to integrate and apply 
concepts explained in both disciplines on Animal Production.  
The objectives of the practice were to analyze the effect of some changes in feed formulation on its nutritional 
characteristics, cost and feeding management. To achieve this general objective they have to know the feedstuffs 
proper for the animal requirements and their use restrictions, how to manage a formulation program, understand the 
different possible formulas, and evaluate the final results. They must integrate knowledge of different courses and 
areas.  
The number of students has decreased for the last years from 370 in 03-04 until 200 students in the present course 
(07-08). They are divided in four groups, where animal production is taught by eight different teachers. The 
formulation practice is proposed in 3 groups. For most of the students (> 90%) Zootecnia I and Zootecnia II are the 
only two disciplines in which Animal Production is studied.  
Formulation belongs to a group of practices common for all groups of the discipline, but it is the only one where 
the animals or their products are not involved. It has been performed since 1998, although with changes for adapting 
it to the new situations. 
3. Evolution of a Feed Formulation Practice 
3.1. Attendants to computer classroom  
This way was used for many years (from 97-98 to 05-06) when the personal computer were not so common. This 
still follows to be the basic way of working in specific subjects where commercial software are used because, these 
software are subsided for teaching purposes exclusively.  
The practice consisted on a brief explanation by the teacher, using a beamer, on the different menu of the 
software, followed by the students in their own computer. An instruction sheet was developed to complement the 
explanations and solved the student doubts. As this sheet was supplied in the class, we try to adequate the format of 
the sheet to use only one with both sides, in one of them with the instructions and the other with the number of feeds 
and nutrients needed to carry out the practice. Afterwards, the students formulate a feed and analyze if it met the 
nutritional characteristics required, then the teacher reviewed and corrected it. Once finished, the students had to 
answer some questions about the economic analysis of the formula. The total number of students was gathered in 
groups of 15, that was the number of available computer per classroom. They were attended by two teachers, and in 
the last years (from 02-03) also by two or three mentor students.The score of the practice were based on the formula 
characteristics (50%) and on the questionnaire results (50%).  
To finish the practice in the three hours reserved in the computer classroom was very stressful for some students 
not familiarized with computers. Some students chose the ingredients adequately for the animal requirements, but 
some others confused the restrictions obtaining an incompatible solution and they couldn´t solve it until the teachers 
or mentor students helped them. In those cases, they had little time available to answer the questionnaire on 
economic analysis of the feed, which they considered as an exam. Although the score obtained was relatively high 
(8.1 as average of two courses, Table 1), the students complained for the ratio effort/score respect to other learning 
activities. As a consequence, the percentage of students that attended the practice was relatively low (around 20-
30%). The two implicated teachers spent many time in the attendant practice (4 to 8 groups of 15-20 students), in 
reviewing questionnaires and in the organization and preparation of the mentor students.  
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Table 1. Students who do the practice and their average score during four academic years
Academic year 2004-2005 2005-2006 2006-2007 2007-2008 
Non-attendant practice Practice system Attendant to computer classroom Directed study Webquest 
Number of students who did the practice 104 54 114 76 
% Students did the practice over total 30.7 22.3 62 52 
Mean score obtained (0-10) 7.9 8.5 7.8 8.0 
3.2. Non-attendants practice. Directed study 
A directed study was proposed during 06-07 course, because the use of teaching platforms allowed the students 
to have available both the software and the instructions for the practices, and foros to ask doubts. The AulaWeb 
platform was used [Villamide et al. 2007] for attaching the information, receiving the student reports, and for 
sending the reviewed reports with comments and corrections to students. 
Three types of documents were attached related to the practice: i) the software in a compiled way, ii) a word 
document with the directed study where the brief instruction sheet and the characteristics of required report was 
included and iii) a power point document with the detailed instructions for managing the program. The e-mail of a 
teacher and two mentor students were included in the directed study for consulting purposes. At the end, they had to 
do a report describing the formulation process, analyzing the results obtained and including some practical 
calculations on feed management. The practice was attended by one teacher and two mentor students that had an 
innovation educative grant from the UPM. The reports were reviewed and comments about its quality were returned, 
sometimes asking for additional information (Figure 1). The questions about economic analysis of feeds were 
included as a common questionnaire of theory comprehension. The score of the practice was based on the report 
presented, that had to include the description of the feed (50%), interpretation of the results obtained and calculation 
of feed management (50%). 
This system increased the students autonomy because they organized their own time and labor, although most 
students sent the practice the deadline day. Feed was usually formulated in little groups (2 to 3 students), although 
they did different formulas and reports each. According to the results of inquiries answered by 39 students of two 
groups, the time needed for finishing the feed formulation practice was very variable (CV: 140%, from 0.5 to 72 h). 
When the outliers were removed from the data file, 5.1 h was estimated as average for formulating and another 2.4 h 
for writing the report. Although the time required for the teachers and mentor students to review the reports was 
high (about half an hour/report, Figure 1, left), it was not as stressful as an attendant practice.   
Figure 1. Correction of feed formulation practice in AulaWeb platform (left). Webquest format (right)
Seventy three per cent of the students following the continuous evaluation did the practice, whereas the other 
practices were done by 80% of the students. This represents 62% of the total number of students, which is an 
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important increase respect to the previous system. The scoring obtained in the practice was relatively high (7.8 out 
of 10), although lower than the average score obtained in the theory and in the other practices (8.0). This together 
the time spend could be the reasons of the relatively low global judgment of the practice (2.8 out of 5). They 
understood the specifications of the practice (3.3), but they had problems to manage the program (3.0), although 
they considered that the instructions sheet helped them (3.2) in a greater extent than the document with images of 
managing the program (2.9). It seems that the most important problem was the difficulty to integrate and synthesize 
knowledge of the different areas (3.2).  
3.3. Non-Attendants Practice. Webquest 
Based on the 06-07 results we tried to simplify the possible fails related to the use of the software, mainly the 
incompatible solutions, so we proposed to change a feed formula instead of formulate a new one. On the contrary, 
the calculations became more complex because the impact of the feed in slurry production for its use as a fertilizer 
or as environmental pollutant was added to the practice. 
In this case, the indications for carrying out the practice were included in a Webquest, because of our good 
experience of this technique in PhD courses. A Webquest has a structure that can be adapted for our purposes, 
although the part of process is too long, because includes the detailed instructions for managing the program, and 
examples of diet analysis. Both, the Webquest and the compiled software were uploaded on the Moodle platform. 
The e-mail of a teacher and two mentor students were included in the Webquest for consulting purposes and for 
having tutorial appointments (Figure 1, right). A rubric was also included in the Webquest. 
The opinions of the students about the methodology used in formulation practice are shown in Figure 2. The 
work specifications were understood (3.7 out of 5) and they considered the process description using screen images 
useful (4.0). This document had 44 pages of powerpoint (equivalent to 7 text pages) with hyperlinks, and many 
students did not read them, according to the questions and doubts asked to the teachers. The hyperlinks moderately 
helped them (3.1) to follow the process. In general, they have some problems in managing the program and 
formulating feeds and also in understanding and synthesizing all the information, but they considered the practice 
positive for their formation (3.3). 
Figure 2. Judgment of the students about the methodology used in the formulation practice (n=18)
The formulation practice was done at the end of the academic year (two months later than the other practices), 
due to the course organization. This produced a reduction in the number of students involved in formulation practice 
(52%) respect to 81% students who participated in the other practices. The score obtained was maintained (8.0 as 
average) with independence of the method used. Most of the students (> 85%) changed correctly the formulas, 
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calculated the feed intake and feeding cost per day. Someone less (from 78 to 81%) calculated adequately the feed 
conversion rate, feed intake and cost per period. The nitrogen excretion was adequately estimated by 79% of the 
students, but 17% of them confounded the units and other 30% didn´t change the efficacy of nitrogen retention with 
the increase in protein intake. This would indicate that the most integrated, abstract or complex knowledge was 
reached by almost 70% of the students. In fact, 34% of the students have distinction score (grade), and 13% the 
maximum grade. Some students (8%) followed the directed study of the previous year, and answered their 
questions, as Comas et al., (2005) suggested, while others, mainly those students who repeat the course used the 
formulas from the past year but the calculations were done again. The global judgment of the formulation practice 
by the students was lower (2.8 out of 5, n = 42) than the other practices (3.4), where animals or their products were 
directly involved. Part of this low judgment could be explained by the longest time spent in its performance, as 
shown in Figure 3. They spent 3 hours formulating and about 4 h of office work Total time averaged 7±2 h, which 
was much longer than in other practices (about 1.30 h). These results agreed with the estimations done for the 
previous course. It seems that students consider that the time invested is too long for the incidence in the final score, 
but when the proportion of time dedicated to practice respect to the discipline (Villamide et al. 2007) was estimated, 
resulted 3.9%. 
Figure 3. Time spent in the formulation practice (mean and standard deviation)
4. Conclusions 
The feed formulation practice was performed well by the Agricultural engineering students. They consider it 
moderately positive for their professional formation, but it seems that the ratio cost/benefit (or time 
invested/incidence in the final score) is high for the present students. 
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